I. INTRODUCTION 46 47
More than three decades have passed since Fishman et al. (1987) showed 48 that photochemically generated ozone air pollution events could be inferred using 49 solar backscattered ultraviolet radiation measurements from satellite sensors. That 50 study identified a synoptic-scale ozone pollution event that evolved over several 51 days and illustrated how enhanced surface ozone observations were embedded 52 within total ozone measurements made by the TOMS (Total Ozone Mapping 53 Spectrometer) instrument. In subsequent studies, Fishman et al. (1990; 2003 ) 54 provided a methodology that was able to separate tropospheric ozone from the total 55 ozone column using independent concurrent measurements from other instruments 56 such as SAGE (Stratospheric Aerosol Gas Experiment) and SBUV (Solar Backscatter 57 Ultraviolet), which were used to construct stratospheric ozone profiles. These 58 stratospheric ozone profiles were then subtracted from TOMS total ozone amounts 59 to produce a quantity known as tropospheric ozone residual (TOR) of high-resolution UV/Vis spectra to which the technique of differential optical 75 absorption spectroscopy (DOAS) is applied (Platt and Stutz, 2008) , numerous 76 studies have shown that well-defined spatial emission patterns of NO2 within urban 77 areas can be identified. These analyses have been used to identify weekday-vs.-78 weekend differences in major cities, and, perhaps most significantly, long-term 79 trends in NO2 emissions, which highlight the impact of regulations imposed on them 80 since the early 2000s (Duncan et al., 2016) . Figure 1 (from Lu et al., 2015) shows 81 how the relationships between NO2 emissions can be inferred from satellite-derived 82
measurements. 83
Despite the success of using satellite measurements for deriving insight into 84 NO2, the challenge remains in defining a measureable relationship between what is 85 observed from satellites, which is a column measurement, and what is observed at 86 the surface; which, from an air quality manager's perspective, is the quantity that 87 determines whether or not a region meets National Ambient Air Quality Standards 88 (NAAQS; https://www.epa.gov/criteria-air-pollutants/naaqs- (CAMx) to calculate the trace gas distributions discussed in this study. CAMx is an 112
Eulerian regional photochemical dispersion model used to examine air pollution 113 over many different scales, ranging from neighborhoods to continents. The 114 meteorological input for the model calculations described below, were taken from 115 profiles from the UV-DIAL system, and satellite measurements, which confirmed 370 that enhancements in the TOMS total ozone signal were a result of widespread 371 biomass burning over Brazil and southern Africa. Because of low-level transport 372 from the east out of southern Africa, where widespread burning was occurring and 373 the upper-level transport from the west where ozone generated from burning over 374
Brazil had been carried to higher altitudes by convection and then transported in 375 westerlies, highest TOR amounts were found over the south Atlantic Ocean, where 376 these two plumes cross (Fishman et al., 1996a) . 377
In terms of direct comparisons between TOR calculations and direct 378 observations, we compared the satellite data with integrated tropospheric O3 379 amounts obtained by the UV-DIAL system as the NASA DC-8 made several transit 380 flights and found excellent agreement between the two datasets. Throughout the 381 TRACE-A mission, there was relatively good agreement between the two methods 382 that calculated integrated tropospheric ozone quantities except when heavy 383 amounts of aerosols were present from the smoke emanating from vegetation 384
burning (Fishman et al, 1996b) . Within the next few years, TEMPO will be launched in geostationary orbit. In 508 doing so, TEMPO, like OMI, GOME, and SCIAMACHY, will also derive its information 509 via the application of a DOAS retrieval methodology to solar backscattered spectra 510 in order to make measurements with hourly temporal resolution during the 511 daytime. Furthermore, because TEMPO sits over one location and gathers 512 information by "staring" for long periods of time over the entire United States (with 513 parts of Mexico, Central America, and Canada also in its field of regard), it will be 514 able to refine scales of only a few kilometers. However, despite the greatly 515 enhanced spatial and temporal capability of TEMPO, no study has been conducted to 516 relate these measurements to what might be present at the surface. The purpose of 517 the set of results described in the previous section is to provide an analysis of a 518 regional photochemical-transport model simulation to study the relationship 519 between the integrated quantities that will be measured by TEMPO to the surface 520 concentrations calculated at the surface for both ozone and NO2. 521 The atmospheric residence time of NO2 nitrogen dioxide is very short relative 550 to other pollutants and goes through rapid conversion to nitric (NO) through 551 photolysis. However, because of the ubiquitous presence of ozone throughout the 552 troposphere, the NO generated from NO2 photolysis reacts rapidly with O3 to put 553 NO2 back into the system. These rapid interconversion reactions between NO, NO2 554 and O3 are often referred to as the photostationary steady state (Calvert, 1976) . 555 Figure 11a shows the calculated surface NO2 concentrations at the three locations 556 identified in Figure 5 . Many of these concentrations are below the detection limit of 557 routinely operating instruments, which have a detection lower limit of 1 ppb. 558
The integrated amount of NO2 over the period of the model run is shown in 559 Figure 11b for each of the three locations in Figure 5 As a background to this study, we showed that widespread synoptic-scale 632 pollution episodes covered the eastern U.S. in the 1980s, and identified two specific 633 synoptic-scale episodes (hundreds of km) episodes in 1980 and 1988. Examination 634 of aircraft measurements from the UV-DIAL system aboard a NASA research aircraft 635 taking measurements in the PEPE/NEROS field study found enhanced ozone 636 concentrations >110 ppb over a domain that stretched ~300 km up to an altitude 637 higher than 1 km (Fishman et al., 1987) . Such an episode generates an enriched air 638 mass of ozone that is as high as 60 DU, which is more than 20 DU above the 639 background integrated ozone amounts. Furthermore this episode is observed on a 640 scale of more than several hundred km. However, through the implementation of 641 emission controls over the past several decades, the presence of air pollution 642 episodes on this large of a spatial scale have been virtually eliminated. In this 643 particular study of St. Louis, the plume of elevated ozone extends marginally more 644 than 200 km before it runs off the computational domain and is considerably 645 smaller in scale that those identified in 1980 and 1988. 646 Returning to the AQI depiction shown for July 2, 2012, in Figure 2b concentrations, and therefore more challenging to identify from future TEMPO 673 measurements. Lastly, observing NO2 in the troposphere from space is considerably 674 less challenging over urban areas since the contribution from urban areas is several 675 times larger than the contribution from NO2 in the stratosphere. Alternatively, 676 observing the O3 enhancement simulated here is considerably more challenging 677 since the overlying ozone burden of O3 in the stratosphere is generally ten times 678 greater than the integrated amount generated during an air pollution episode. 679 680
